Abstract-The behavior of coal tars with different levels of pyrolysis in thermal fractionation is compared in the laboratory. The properties and group composition of the nonboiling residues (medium temperature pitch) obtained by the distillation of coal tars at different temperatures, in comparable conditions, is investi gated. The results indicate that the distillation of tars characterized by slight pyrolysis is accompanied by vig orous destruction processes, also affecting the α 1 fraction (t = 335-350°C), with subsequent reactions among the destruction products, leading to active increase in the α 1 and α 2 fractions (t ≥ 350°C). This is a significant difference between tars characterized by light pyrolysis and considerable pyrolysis.
Coal tar is used in the production of various liquid products, including electrode pitch.
Coal tars differ in their degrees of pyrolysis, which is evident in their mass content of quinoline insoluble materials. Tars with ≤2-3 wt % of the α 1 fraction cor respond to slight pyrolysis; tars with ≥6% of the α 1 fraction correspond to considerable pyrolysis. Tars with an intermediate content of the α 1 fraction corre spond to moderate pyrolysis.
At present, tars characterized by slight pyrolysis predominate in the production of various coke byproducts, including electrode pitch. At the same time, experience shows that the current Ukrainian technology for the production of electrode pitch per mits the stable generation of a highly liquid electrode product based on tar characterized by moderate pyrol ysis. There is limited scope for the use of such material at many plants.
Accordingly, we need to find the factors controlling the quality of pitch produced from coal tar character ized by slight pyrolysis. In particular, we need to study the high molecular fractions of the group composition and the possibility of intensifying their accumulation. That, in turn, calls for investigation of the tars charac terized by slight pyrolysis and the nonboiling residues formed on their distillation.
Earlier research suggests that, for coal tar with >3% of the α 1 fraction, the content of this fraction for mod erate temperature pitch practically corresponds to the additive value (obtained on the basis of the proportion of moderate temperature pitch in the total mass of tar). Thus, in the one time industrial evaporation of such tar, practically no addition solid phase is formed. For tar with 1-2% of the α 1 fraction, such additive behavior is not observed.
Probably, tars characterized by slight pyrolysis do not form a stable physicochemical system: their con tent of high molecular carbon components is below the threshold (which is approximately 3%, according to the available data). Consequently, on heating the system, the shortage of high molecular materials tends to be reduced.
In the physicochemical system, the factors in cok ing that result in a shortage of quinoline insoluble components tend to be compensated in one time evaporation (that is, in the next significant heat treat ment stage in the technological chain). Thus, we may assume that the lower limit on the equilibrium content of the α 1 fraction is about 3 wt %. This assumption is approximate, because the composition of the solid dis perse carbon phase is complex and its components arise from different sources [1, 2] .
The results evidently require more detailed study. Therefore, we compare the behavior of coal tars with different levels of pyrolysis in thermal fractionation, in the laboratory. The residence time of the tar in the heat treatment zone is 2 h. We take into account here that all the tar undergoes heat treatment in the second stage coil of industrial systems. In the present case, the tar must be regarded as consisting of moderate tem perature pitch diluted with boiling fractions. This is significant since one of the factors deter mining the rate of compaction is the concentration of the initial material. In periodic distillation of tar, the intensity of such processes should increase (probably exponentially) not only with increase in the tempera ture but also as the vapor of the boiling fractions is evacuated from the heating zone (that is, as the con centration of high molecular tar components increases). Table 1 presents the characteristics of the coal tar investigated in the present study.
The tar is subjected to one time evaporation at dif ferent temperatures [3, 4] . Tables 2-4 summarize the properties of the nonboiling residues.
In Fig. 1 , we show the accumulation of solid dis perse phase in the nonboiling residue from thermal fractionation. In Fig. 2 , we show the content of the group composition fractions in the nonboiling residue as a function of the liquid phase temperature in tar distillation. These results indicate that the accumulation of solid disperse carbon phase in the nonboiling residue is fundamentally different in tar 1 than in tars 2 and 3.
For all three tars, the content of the α 1 fraction increases with increase in the temperature of one time evaporation. For tar 3, with the highest level of pyrol ysis (5.8% of the α 1 fraction), the calculated and mea sured values are practically the same. In other words, the accumulation of the solid disperse phase in the liq uid phase (moderate temperature pitch) is due solely to the removal of the boiling fractions. For tar 2, with an intermediate level of pyrolysis (4.7% of the α 1 frac tion), the measured mass of the α 1 fraction is slightly greater than the calculated value. The difference increases with increase in the fractionation tempera ture, reaching 0.6% (abs.) at 415°C.
For tar 1, with 1.6% of quinoline insoluble materi als, the increase in the α 1 fraction in the nonboiling residues begins at ~350°C and is more intense that in the tar with a higher level of pyrolysis. Up to ~350°C, the actual content of the α 1 fraction in the moderate temperature pitch is markedly less (by 0.8-1.0%, abs.) than the additive value. This indicates that the thermal fractionation of tars characterized by slight pyrolysis may be accompanied by processes in which the con tent of α 1 fraction increases or decreases.
In the given conditions of tar distillation, we may assume that the lightest components of the α 1 fraction partially dissolve in components of the anthracene remaining in the liquid phase at low distillation tem perature (≤350°C) or the primary aggregates of the α 1 fraction disintegrate [5] . However, the changes in group composition of the nonboiling residues with increase in the distillation temperature for different tars suggest the presence of thermal destruction; in particular, such processes may occur in the solid dis perse phase of the coal tar characterized by slight pyrolysis.
We now turn to the available information regarding the distribution of the molecular mass among the components of the tar and pitch [6] . Coal tar contains several thousand individual components. However, only around 480-500 have been isolated and identi fied, accounting for ~55% of the tar mass [7, 8] . For that reason and also because of their rheological prop erties and limited solubility, the mean molecular mass of the tar is an arbitrary concept. For the boiling frac tions subjected to chromatographic analysis, it may be calculated from the content of the most representative components. The following are generalized data for the mean molecular mass of industrial samples of tar fractions [9] :
The generalized results for the group composition of the pitch are as follows [7] : molecular mass of the γ fraction 200-280; molecular mass of the β fraction 240-1100.
Our analysis of the broad anthracene fraction shows that it is 99% soluble in toluene and more than 70% soluble in isooctane. In other words, in determin ing the group composition, it is found as the sum of the γ and β fractions. Components of the lower boiling tar fractions are also soluble in isooctane. Thus, in the distillation of coal tar, the γ and β fractions should largely boil off, and their content in the nonboiling residue should decline with increase in distillation temperature.
Nevertheless, the data in Tables 2 and 4 and in Fig. 2 indicate the opposite.
The residues from tar 1 are characterized by some decline in the content of the γ fraction with increase in the distillation temperature to 340°C and above 400°C. However, at these temperatures, there is active increase (more than 12%, abs.) in the content of the lowest molecular content in the nonboiling residue. The total content of the γ and β fractions in the residue declines slightly up to 350°C and then begins to fall rapidly. The content of the β fraction declines throughout the experiment, but most rapidly in the range 350-400°C. It is typical that the content of the α 1 fraction in the residues of tar 1 begins to undergo sharp and far from additive growth at 350°C. The content of α 2 frac tion in the residue also begins to increase markedly at 350°C.
In the residues from tar 3, the content of the γ frac tion increases by 8% up to 370°C and then remains practically constant. The growth of the α 2 fraction in the residue practically stops above 400°C, probably on account of its transfer to the solid disperse phase.
As for the α 1 fraction, tar 2 is intermediate between samples 1 and 3, but closer to tar 3.
CONCLUSIONS
We may assume that the distillation of coal tar char acterized by slight pyrolysis is accompanied by destruction of the α 1 fraction (in the range 335-350°C). Subsequent reactions among the destruction products result in increase in content of the α 1 and α 2 fractions (above 350°C). In this respect, coal tar characterized by slight pyrolysis differs from tar with higher levels of pyrolysis, in which the removal of the boiling fractions is primarily responsible for the accu mulation of the high molecular fraction in the group composition of the nonboiling residue. 
